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(57) A liquid discharge apparatus (100) includes a
liquid discharge head (122) and circuitry (101, 212). The
liquid discharge head includes nozzles to discharge two
or more types of droplets each having a different dis-
charge amount onto a medium to form an image having
gradation of density in accordance with an input grada-
tion value. The input gradation value increases from a
first gradation portion to a second gradation portion high-
er than the first gradationportion.Thecircuitry causes the

liquid discharge head to selectively discharge the largest
droplets of the twoormore types of droplets in the second
gradation portion of the gradation value, and causes the
liquid discharge head to decrease a number of non-
discharge nozzles that do not discharge droplets from
the first gradation portion to the second gradation portion
while increasing the number of non-discharge nozzles in
a part of the first gradation portion.
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Description

BACKGROUND

Technical Field

[0001] Embodimentsof thepresent disclosure relate to
a liquid dischargehead, a liquid dischargedevice, a liquid
discharge apparatus, a liquid discharge method, and a
non-transitory recording medium.

Related Art

[0002] JapaneseUnexaminedPatentApplicationPub-
lication No. 2011‑201207 discloses a head control meth-
od and an image processing technology in which dro-
plets, such as large droplets,mediumdroplets, and small
droplets, having different discharge droplet amounts are
separately discharged from a liquid discharge head to
express a gradation of density. More specifically, Japa-
nese Unexamined Patent Application Publication No.
2011‑201207 discloses a technology for expressing a
low gradation portion with small dot sizes of small dro-
plets, for an intermediate gradation portion, reducing the
ratio of small dot sizes and mixing medium dot sizes of
medium droplets, and for a high gradation portion, redu-
cing the ratio of medium dot sizes and mixing large dot
sizes of large droplets, for the purpose of expressing
gradations of density.

SUMMARY

[0003] According to the technology in the related art,
when the number of liquid droplets simultaneously dis-
charged increases to express the gradations, airflows
generated by the discharged droplets may interfere with
each other, and the discharged droplets may be de-
flected. Such a situation becomes more significant as
the distance from nozzles of the liquid discharge head to
a medium such as a sheet increases. Specifically, when
the discharged droplet generates satellites (minute liquid
droplets divided from the discharged droplet), the satel-
lites are flown by the airflow and land on themedium, and
thus unevenness of an image such as a woodgrain tone
may be generated. In the vicinity of the nozzles at the end
of the liquid discharge head, the airflow, which affects the
discharged droplets, is likely to be unevenly generated,
and the landing position is easily shifted (i.e., the dis-
charged droplet is easily deflected). In particular, when
multiple liquid discharge heads are arranged to print an
image, white streaks and black streaks are likely to occur
at the joint between the liquid discharge heads.
[0004] To solve the above-described problem, a liquid
discharge apparatus includes a liquid discharge head
and circuitry. The liquid discharge head includes nozzles
to discharge two or more types of droplets each having a
different discharge amount onto a medium to form an
image having gradation of density in accordance with an

input gradation value input. The input gradation value
increases from a first gradation portion to a second
gradation portion higher than the first gradation portion.
The circuitry causes the liquid discharge head to selec-
tively discharge the largest droplets of the two or more
types of droplets from the multiple nozzles in the second
gradation portion of the gradation value, and causes the
liquid discharge head to decrease a number of non-
discharge nozzles that do not discharge droplets from
the first gradation portion to the second gradation portion
while increasing the number of non-discharge nozzles in
a part of the first gradation portion.
[0005] According to embodiments of the present dis-
closure, the landing position deviation of droplets and the
jetting deflection of discharged droplets can be pre-
vented, and white streaks and black streaks at the joint
of the heads can be prevented.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0006] Amore complete appreciation of the disclosure
and many of the attendant advantages and features
thereof can be readily obtained and understood from
the following detailed description with reference to the
accompanying drawings, wherein:

FIG. 1 is a perspective view of an image forming
apparatus such that the structure or configuration
inside of the image forming apparatus can be seen
through, according to a first embodiment of the pre-
sent disclosure;
FIG. 2 is a diagram illustrating a configuration of the
image forming apparatus of FIG. 1, viewed from
above;
FIG. 3 is a block diagramof a hardware configuration
of the image forming apparatus of FIG. 1;
FIG. 4 is a block diagram illustrating a functional
configuration of a controller;
FIG. 5 is a graph illustrating a relationship between
an input level and a drop ratio according to a com-
parative example;
FIG. 6 is a graph illustrating the relationship between
the input level and the drop ratio;
FIG. 7 is a graph illustrating the relationship between
the input level and the output level;
FIG. 8A is a diagram illustrating howwhite pixels are
formed in accordance with a drop ratio, according to
a comparative example;
FIG. 8B is a diagram illustrating howwhite pixels are
formed in accordance with a drop ratio, according to
an embodiment of the present disclosure;
FIG. 9 is a graph illustrating the relationship between
the input level and the drop ratio according to a
second embodiment of the present disclosure;
FIG. 10 is a graph illustrating the relationship be-
tween the input level and the output level; and
FIG. 11 is a schematic diagram illustrating an elec-
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trodemanufacturing apparatus tomanufacture elec-
trodes, according to a third embodiment of the pre-
sent disclosure.

[0007] The accompanying drawings are intended to
depict embodiments of the present invention and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted. Also, identical or similar
reference numerals designate identical or similar com-
ponents throughout the several views.

DETAILED DESCRIPTION

[0008] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similarmanner, and achieve
a similar result.
[0009] Referring now to the drawings, embodiments of
the present disclosure are described below. As used
herein, thesingular forms "a," "an,"and "the"are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.
[0010] Embodiments of a liquid discharge head, a
liquid discharge device, a liquid discharge apparatus, a
liquid discharge method, and a non-transitory recording
medium are described below in detail with reference to
the accompanying drawings.
[0011] Adescription isgivenbelowof a liquiddischarge
apparatus according to embodiments of the present dis-
closure as an example of an image forming apparatus
that discharges liquid. However, embodiments of the
present disclosure are not limited to such an image
forming apparatus that discharges liquid.

First Embodiment

[0012] FIG. 1 is a perspective viewof an image forming
apparatus 100 such that the structure or configuration
inside of the image forming apparatus 100 can be seen
through, according to a first embodiment of the present
disclosure. FIG. 2 is a diagram illustrating a configuration
of the image forming apparatus 100, viewed from above.
As illustrated in FIGS. 1 and 2, the image forming appa-
ratus 100according to thepresent embodiment is awide-
format serial-type inkjet recording apparatus.
[0013] In the present embodiment, the image forming
apparatus that discharges liquid is applied to a wide-
format serial-type inkjet recording apparatus. However,
the image forming apparatus may be applied to any
image forming apparatus such as a multifunction periph-
eral (MFP), a copier, a printer, a scanner, and a facsimile
(FAX) that has at least two of a photocopying function, a
printing function, a scanning function, and a facsimile

(FAX) function.
[0014] As illustrated in FIGS. 1 and 2, the image form-
ing apparatus 100 includes an apparatus body 100a and
side plates 21A and 21B on the left side and right side,
respectively, of the apparatus body 100a. A main guide
rod 31 as a guide is laterally bridged by the side plates
21A and 21B. The image forming apparatus 100 also
includes a sub guide 32 made of sheet metal. The main
guide rod31 and the subguide 32 slidably hold a carriage
121.
[0015] The carriage 121 moves in main scanning di-
rections indicated by double-headed arrowGvia a timing
belt that is rotationally driven by a main-scanning motor
117 (see FIG. 3). By so doing, the carriage 121 relatively
moves with respect to a medium 40 as a recording
medium. The movement of the carriage 121 may also
be referred to as scanning. The carriage 121 includes an
optical sensor 37 for detecting ends of the medium 40,
i.e., ends of a sheet of paper.
[0016] The optical sensor 37 is an example of a reader
that outputs a read signal of an image formed in advance
on themedium40by the image formingapparatus100. In
the present embodiment, the image forming apparatus
100 detects a defective image based on a read signal by
the optical sensor 37. As the optical sensor 37, for ex-
ample, a device that detects an image by reflection
density and a camera that captures an image formed
on the medium 40 can be used. In the present embodi-
ment, the defective image includes a sign of abnormality
which is about to occur.
[0017] The carriage 121 includes liquid discharge
heads 122a, 122b, and 122c that discharge ink droplets
(liquid) of respective colors such as yellow (Y), cyan (C),
magenta (M), black (K), orange (O), green (G), and clear
(Cl) in accordance with ink cartridges 10 mounted on the
image forming apparatus 100. The three liquid discharge
heads 122a, 122b, and 122cmay be collectively referred
to as liquid discharge heads 122, each of which may be
referred to as a liquid discharge head 122 unless distin-
guished.
[0018] Asub-scanningmotor 118 (seeFIG. 3) rotates a
conveyance roller to move the medium 40 in a sub-
scanning direction, i.e., a direction indicated by arrow
H, substantially orthogonal to the main scanning direc-
tions. As a result, the medium 40 relatively moves with
respect to the liquid discharge head 122. However, the
main-scanning directions and the sub-scanning direction
arenot necessarily substantially orthogonal to eachother
and may intersect with each other.
[0019] The liquiddischargehead122 includesanozzle
array including multiple nozzles arranged in the sub-
scanning direction. The liquid discharge head 122 is
mounted on the carriage 121 so as to discharge ink
droplets downward from the nozzles. The liquid dis-
charge heads 122a, 122b, and 122c are shifted from
each other in the sub-scanning direction. The carriage
121 is provided with sub tanks for supplying ink of the
respective colors to the liquid discharge heads 122.
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[0020] The term "liquid discharge head" used herein is
a functional component to discharge liquid through the
nozzles. Liquid tobedischarged from the liquiddischarge
head 122 is not limited to a particular liquid as long as the
liquid has a viscosity or surface tension dischargeable
from the liquid discharge head 122. However, preferably,
the viscosity of the liquid is not greater than 30 millipas-
cal-second (mPa·s) under ordinary temperature and or-
dinary pressure or by heating or cooling. Examples of the
liquid to be discharged include a solution, a suspension,
or an emulsion including, for example, a solvent, such as
water or an organic solvent; a colorant, such as dye or
pigment; a functional material, such as a polymerizable
compound, a resin, or a surfactant; a biocompatible
material, such as deoxyribonucleic acid (DNA), amino
acid, protein, or calcium; and an edible material, such as
a natural colorant. Such a solution, a suspension, or an
emulsion can be used for, e.g., inkjet ink; surface treat-
ment liquid; a liquid for forming an electronic element
component, a light-emitting element component, or an
electronic circuit resist pattern; or a material solution for
three-dimensional fabrication.
[0021] Examples of an energy source for generating
energy to discharge liquid include a piezoelectric actua-
tor such as a laminated piezoelectric element and a thin-
film piezoelectric element.
[0022] The pressure generator used in the liquid dis-
charge head is not limited to a particular type of pressure
generator. In addition to the above-described piezoelec-
tric actuator, which may use a laminated piezoelectric
element, for example, a thermal actuator using a thermo-
electric transducer such as a thermal resistor, and an
electrostatic actuator including a diaphragm and op-
posed electrodes can be used.
[0023] The image forming apparatus 100 includes a
cartridge mount 1 on which ink cartridges 10y, 10c, 10m,
and 10k for the respective colors are detachably
mounted. The ink cartridges 10y, 10c, 10m, and 10k
may be collectively referred to as ink cartridges 10, each
of which may be referred to as an ink cartridge 10 unless
distinguished.
[0024] Ink in the ink cartridge 10 is supplied to the sub
tank of the carriage 121 through a supply tube 36 of each
color byasupplypumpunit. Thesupplypumpunit and the
supply tube 36 construct a supplymechanism.Examples
of the ink cartridge 10 may include an ink cartridge for
white ink.
[0025] The image forming apparatus 100 includes a
maintenance mechanism 81 in a non-print area on one
end of the range of movement of the carriage 121 in the
main scanning directions. The maintenance mechanism
81maintains and recovers the condition of the nozzles of
the liquid discharge head 122.
[0026] Themaintenancemechanism 81 includes caps
82a, 82b, and 82c for covering the nozzle faces of the
liquid discharge heads 122 and a wiper unit 83 for wiping
the nozzle faces. The caps 82a, 82b, and 82c may be
collectively referred to as caps 82, each of which may be

referred to as a cap 82 unless distinguished. A replace-
able waste liquid tank that stores waste liquid generated
by maintenance and recovery operations is disposed
below the maintenance mechanism 81 provided for the
liquid discharge head 122.
[0027] The term liquid discharge device refers to the
liquid discharge head122 integratedwith functional com-
ponents or mechanisms, i.e., an assembly of compo-
nents related to discharge of liquid. For example, the
liquid discharge device includes a combination of the
liquid discharge head 122 with at least one of a head
tank, i.e., the sub tanks of the carriage 121, the carriage
121, the supply mechanism, the maintenance mechan-
ism 81, or a main-scanning moving mechanism.
[0028] The above integration may be achieved by, for
example, a combination in which the liquid discharge
head 122 and a functional part(s) are fixed to each other
through, e.g., fastening, bonding, or engaging, and a
combination in which one of the liquid discharge head
122 and the functional part(s) are movably held by the
other. The liquid discharge head 122 and the functional
part(s) or mechanism(s) may be detachably attached to
each other.
[0029] For example, the liquid discharge head 122 and
the head tank are integrated to form the liquid discharge
device as a single device. Alternatively, the liquid dis-
charge head 122 and the head tank coupled with, for
example, a tube may construct the liquid discharger as a
single device. A unit that includes a filter may further be
added to a portion between the head tank and the liquid
discharge head 122 of the liquid discharge device.
[0030] In another example, the liquid discharge device
may be an integrated unit in which the liquid discharge
head 122 is integrated with the carriage 121.
[0031] As yet another example, the liquid discharge
device is aunit inwhich the liquiddischargehead122and
the main-scanning moving mechanism are combined
into a single unit. The liquid discharge head 122 is mo-
vably held by the main guide rod 31 which is a guide
forming a part of the main-scanning moving mechanism.
The liquid discharge unitmay include the liquid discharge
head 122, the carriage 121, and themain-scanningmov-
ing mechanism that are integrated as a single unit.
[0032] In another example, the cap 82 that forms a part
of themaintenancemechanism81 is fixed to the carriage
121 mounting the liquid discharge head 122 so that the
liquid discharge head 122, the carriage 121, and the
maintenance mechanism 81 are integrated as a single
unit to form the liquid discharge device.
[0033] Further, in still another example, the liquid dis-
charge device includes the supply tube 36 coupled with
the liquid discharge head 122 mounting the head tank or
a channel component such that the liquid discharge head
122 and the supplymechanism are integrated as a single
device. Through the supply tube 36, the liquid in a liquid
storage source is supplied to the liquid discharge head
122.
[0034] Examples of the main-scanning moving me-

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 556 232 A1 8

chanism include the main guide rod 31 as a guide alone.
[0035] Examples of the supply mechanism include the
supply tube 36 alone and the cartridge mount 1 alone.
[0036] FIG. 3 is a block diagram of a hardware config-
urationof the image formingapparatus 100.As illustrated
in FIG. 3, the image forming apparatus 100 includes a
controller 101, an operation panel 114, an environmental
sensor 115, an optical sensor 37, a head driver 116, the
main-scanningmotor 117, the sub-scanningmotor 118, a
fan 119, a heater 120, the liquid discharge head 122, and
a moving mechanism 140.
[0037] As illustrated in FIG. 3, the controller 101 in-
cludes a central processing unit (CPU) 102, a read-only
memory (ROM) 103, a random-access memory (RAM)
104, a non-volatile random-access memory (NVRAM)
105, anapplication-specific integratedcircuit (ASIC)106,
an interface (I/F) 107, a print controller 108, a main-
scanning motor driving unit 109, a sub-scanning motor
driving unit 110, a fan controller 111, a heater controller
112, and an input/output (I/O) unit 113. The controller 101
may include a configuration other than the above.
[0038] The CPU 102, the ROM 103, the RAM 104, the
NVRAM 105, the ASIC 106, the I/F 107, the print con-
troller 108, the main-scanning motor driving unit 109, the
sub-scanning motor driving unit 110, the fan controller
111, the heater controller 112, and the I/O unit 113 are
connected to each other via, for example, a bus so as to
communicate with each other.
[0039] TheCPU102controls theoperationof theentire
image forming apparatus 100. Specifically, the CPU 102
executes programs stored in, for example, the ROM 103
to implement functions of the above configuration.
[0040] The ROM 103 stores the programs to be exe-
cuted by theCPU102and other fixed data. TheRAM104
temporarily stores image data and other data. The
NVRAM105 can retain data evenwhile the power supply
of the image forming apparatus 100 is shut off. The ASIC
106 is a circuit to perform image processing, such as
various signal processing and sorting, and processing of
input and output signals for controlling the entire image
forming apparatus 100.
[0041] The I/F 107 is an interface circuit that transmits
and receives data and signals to and from a host. Spe-
cifically, the I/F 107 receives print data, i.e., image data,
generated by a printer driver of the host such as a data
processor, an image reading device, or an imaging de-
vice via a cable or a network. In other words, the printer
driver of thehostmaygenerateandoutput the imagedata
to the controller 101.
[0042] The print controller 108 is a circuit to generate a
drive waveform for driving the liquid discharge head 122
and outputs the print data accompanied by various data
to the head driver 116. A pressure generator of the liquid
discharge head 122 is selectively driven based on the
print data and generates pressure to cause the liquid
discharge head 122 to discharge liquid (ink) from the
nozzles.
[0043] The main-scanning motor driving unit 109 is a

circuit to drive the main-scanning motor 117. The sub-
scanning motor driving unit 110 is a circuit to drive the
sub-scanningmotor 118. The fan controller 111 is acircuit
to control the output of the fan 119 to blow air at a
predetermined temperature and air volume.
[0044] The heater controller 112 is a circuit to control
the heater 120 such that the heater is heated to a set
temperature. The I/O unit 113 is a circuit to acquire data
from the environmental sensor 115 and extracts data for
controlling each unit of the image forming apparatus 100.
The I/O unit 113 also receives detection signals from
various sensors such as the optical sensor 37, other than
the environmental sensor 115.
[0045] The operation panel 114 is a device to input and
display various types of data such as a resolution spe-
cified by a user. The operation panel 114 is connected to,
for example, theCPU102via thebusof the controller 101
to communicate with each other.
[0046] The environmental sensor 115 is a sensor to
detect, for example, the ambient temperature and ambi-
ent humidity. Theenvironmental sensor 115 is connected
to the I/O unit 113 of the controller 101.
[0047] The head driver 116 is a circuit to drive the liquid
discharge head 122. The head driver 116 selectively
applies drive pulses forming the drive waveform given
from the print controller 108 to the pressure generator of
the liquid discharge head 122 based on the input image
data, e.g., dot pattern data. The head driver 116 is con-
nected to theprint controller 108of thecontroller 101.The
discharge amount of ink droplets (liquid) is controlled by,
for example, controlling the amplitude of the drive wave-
form input to the pressure generator of the liquid dis-
charge head 122. However, the discharge amount may
be controlled using other parameters.
[0048] Themain-scanningmotor 117 is a device that is
driven to rotate the timing belt to move the carriage 121
including the liquid discharge head 122 in the main
scanning direction, i.e., the direction indicated by arrow
G. The main-scanning motor 117 is connected to the
main-scanning motor driving unit 109 of the controller
101.
[0049] The sub-scanning motor 118 is a device that is
driven to operate the conveyance roller to convey the
medium 40, which is an object onto which liquid (ink) is
discharged by the liquid discharge head 122, in the sub-
scanning direction. The sub-scanning motor 118 is con-
nected to the sub-scanning motor driving unit 110 of the
controller 101.
[0050] The moving mechanism 140 moves the liquid
discharge head 122 and the medium 40 relative to each
other. The moving mechanism 140 includes the main
guide rod 31, the sub guide 32, the carriage 121, and
the conveyance roller to construct the main-scanning
moving mechanism.
[0051] The moving mechanism 140 moves the liquid
discharge head 122 and the medium 40 relative to each
other in themain scanning directions by, for example, the
main guide rod 31, the sub guide 32, and the carriage
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121. The moving mechanism 140 moves the liquid dis-
charge head 122 and the medium 40 relative to each
other in the sub-scanning direction by, for example, the
conveyance roller that conveys the medium 40. In the
present embodiment, the relative movement in the sub-
scanning direction by the moving mechanism 140 is
intermittent. In such intermittent movement, the moving
mechanism140 alternatelymoves and stops at least one
of the liquid discharge head 122 and the medium 40
relative to the other.
[0052] The fan 119 is driven to accelerate the convec-
tion of air inside the image forming apparatus 100soas to
prevent the temperature from increasing excessively due
to the accumulation of warmed air in an upper portion of
the image forming apparatus 100. The fan 119 is con-
nected to the fan controller 111 of the controller 101.
[0053] FIG. 4 is a block diagram of a functional config-
uration of the controller 101. The description of the com-
ponents overlapping those in FIG. 3 may be omitted.
[0054] As illustrated in FIG. 4, the controller 101 in-
cludes a color division data generation unit 211 and a
dischargecontrol unit 212.Thedischargecontrol unit 210
controls the discharge of ink.
[0055] In the present embodiment, the controller 101
includes the color division data generation unit 211 and
the discharge control unit 212.
[0056] When thecolor divisiondatagenerationunit 211
receives image data to be printed, the color division data
generationunit 211generates color divisiondata for each
color of ink used in the image forming apparatus 100 from
the received image data (an example of an input image
data). For example, when the image forming apparatus
100 uses inks of C, M, Y, and K, the color division data
generationunit 211generates color divisiondata for each
color of C, M, Y, and K from the received image data.
[0057] The discharge control unit 212 applies a dot-
data generation mask to the color division data of each
color generated by the color division data generation unit
211 to generate dot-data. The dot data generation mask
is, for example, a dither mask having a threshold value
used in halftone processing. At this time, the discharge
control unit 212 converts the image data into the dot data
including at least two types of dots.
[0058] In the present embodiment, the dot data in-
cludes four gradations including a dot of a small droplet,
a dot of a largedroplet havinga larger volume than thedot
of the small droplet, a dot of a medium droplet having a
larger volume than the dot of the small droplet and a
smaller volume than the dot of the large droplet, and no
dot (i.e., liquiddropletsarenotdischarged). In thepresent
embodiment, for example, the discharge volume of one
small droplet is 6 pico liter (pL), the discharge volume of
onemediumdroplet is 12pL, and thedischargevolumeof
one large droplet is 18 pL.
[0059] The CPU 102 executes a predetermined pro-
gram. In so doing, the controller 101 implements the
above-described functions of the color division data gen-
eration unit 211 and the discharge control unit 212. The

controller 101 may implement a part or all of these func-
tions by one or multiple processing circuits.
[0060] The processing circuit or circuitry includes a
programmed processor to execute each function by soft-
ware, such as a processor implemented by an electronic
circuit, and devices, such as an application-specific in-
tegratedcircuit (ASIC),adigital signal processor (DSP), a
field-programmable gate array (FPGA), and conven-
tional circuit components arranged to perform the recited
functions.
[0061] The controller 101 controls the liquid discharge
head 122 and the moving mechanism 140 so that the
liquid discharge head 122 and themedium 40 aremoved
relative to each other multiple times to apply ink onto the
medium 40. The ink that has been applied onto the
medium 40 is fixed to the medium 40 to form dots in an
image. More specifically, one ink droplet that is dis-
charged from the liquid discharge head 122 lands on
themedium40, and then is dried and fixed to themedium
40. Thus, one dot in the image is formed on the medium
40. The image is formedasanaggregate ofmultiple dots.
[0062] An example of a selective discharge for each
type of dot, which may be referred to as a droplet type in
the following description, by the discharge control unit
212 will be described below.
[0063] FIG. 5 is a graph illustrating a relationship be-
tween an input level and a drop ratio according to a
comparative example. In FIG. 5, the horizontal axis re-
presents the input level, i.e., an inputgradationvalue,and
the vertical axis represents the drop ratio. The input level
represents the level of density. In the gray scale repre-
sentation, 0% of the input level represents white and
100% of the input level represents black. The drop ratio
represents the percentage of usage of small droplets,
mediumdroplets, or large droplets or dots at a given time.
The drop ratio of 0% indicates that any of the dots is not
formed, and the drop ratio of 100% indicates that the
entire surface is filled with dots.
[0064] In FIG. 5, "small" represents the small droplet or
a small dot size, "medium" represents the medium dro-
plet or a medium dot size, "large" represents the large
droplet or a large dot size, and "white pixel" indicates that
no liquid droplets are discharged.
[0065] In the example illustrated in FIG. 5, when the
input level is 0%, the drop ratio of any of the small droplet,
the medium droplet, and the large droplet is 0%, which
indicates that no liquid droplets are discharged. Accord-
ingly, thepercentageof usageof thewhite pixels is 100%.
When the input level is 16.7%, thepercentageof usageof
the small droplets is 50%, and the use ratios of the
medium droplets and the large droplets are 0%. Accord-
ingly, the percentage of usage of the white pixels is 50%.
Further, when the input level is 50%, the percentage of
usage of the small and medium droplets is 50% and the
percentageof usageof the largedroplets is 0%.Thus, the
percentage of usage of the white pixels is 0%.
[0066] Inagradationexpressionas illustrated inFIG.5,
the small droplets are used up to the drop ratio of 100%,
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then the small droplets start to be replaced with the
medium droplets. When the drop ratio of the medium
droplets reaches 100%, the medium droplets start to be
replaced with the large droplets. Accordingly, smooth
gradation can be expressed.
[0067] However, in the example illustrated in FIG. 5,
the drop ratio of the white pixels is 0% at a time at which
the input level is 33%. Accordingly, the airflow due to the
discharged droplets themselves is large.
[0068] When the distance from the nozzles of the liquid
discharge head 122 to the medium 40 is short, which is
typically about 1 to 2mm, the dischargeddroplets landon
the medium 40 before being affected by the airflow. For
this reason, landing position deviation of droplets and
jetting deflection of discharged droplets are unlikely to
occur. However, when the distance from the nozzles of
the liquid discharge head 122 to the medium 40 is long,
the landing position deviation of droplets and the jetting
deflection of discharged droplets may occur due to the
influenceof theairflowcausedby thedischargeddroplets
themselves. In particular, when the size of droplets, such
as the small droplets or themedium droplets, is relatively
small, the droplets are more likely to be affected by the
airflow caused by the discharged droplets themselves.
Accordingly, the landing position deviation of droplets
and jetting deflection of discharged droplets are more
likely to occur.
[0069] For this reason, in the present embodiment,
discharge airflows are reduced to prevent the interfer-
ence between the discharge airflows. Accordingly, the
jetting deflection of discharged droplets is prevented.
This will be described in detail below.
[0070] FIG. 6 is a graph illustrating the relationship
between the input level and the drop ratio, according to
the present embodiment. FIG. 7 is a graph illustrating the
relationship between the input level and the output level,
according to the present embodiment. In FIG. 6, the
horizontal axis represents the input level, i.e., the input
gradation value, and the vertical axis represents the drop
ratio. In FIG. 7, the horizontal axis represents the input
level, i.e., the input gradation value, and the vertical axis
represents the output level, i.e., the discharge volume of
all droplet types of liquid droplets.
[0071] The droplet types that are used for printing are
controlled and replaced with each other as illustrated in
FIG.6.Forexample, as illustrated inFIG.6, thedischarge
control unit 212converts input imagedata intodot data so
as to increase the ratio of dots of the small droplets and
the medium droplets among all dots and decrease the
ratio of dots of the large droplets among all dots in a
region having a low gradation value, as compared with a
region having a high gradation value. The region that has
a low gradation value and the region that has a high
gradation value higher than the low gradation value
may also be referred to simply as a first gradation portion
and a second gradation portion, respectively, in the fol-
lowing description.
[0072] More specifically, as illustrated in FIG. 6, in the

present embodiment, the discharge control unit 212
keeps the percentage of usage of the small droplets
low and starts using the medium droplets from the low
input level of 10%. The discharge control unit 212 also
decreases the percentage of usage of the small droplets
from the input level of 10% at which the medium droplets
start to be used.
[0073] In the present embodiment, the discharge con-
trol unit 212 increases the drop ratio, i.e., the number of
discharge nozzles, of the medium droplets up to 15%.
[0074] Similarly, in the present embodiment, the dis-
charge control unit 212 also reduces the percentage of
usage of the medium droplets, and also reduces the
percentage of usage of the medium droplets from the
input level of 13% at which the large droplets start to be
used. The discharge control unit 212 stops using the
medium droplets at the input level of 15% before the
input level reaches 100%. The discharge control unit
212 performs such control because the large droplets
are less likely to be affected by airflows than the medium
droplets and the small droplets, and the large droplets
spreadwider on themedium40 than themediumdroplets
and the small droplets. As a result, the appearance of the
image that is formed on the medium 40 is unlikely to
change.
[0075] As illustrated in FIG. 7, when the percentage of
usageof the small droplets, themediumdroplets, and the
large droplets is determined, preferably, the output level
is substantially linearly changed with respect to the input
level. In other words, the discharge control unit 212 per-
forms control such that the ratio of the output level, i.e.,
the discharge volume of all droplet types of liquid dro-
plets, does not decrease when the input level, i.e., the
input gradation value, increases. The output level at this
timemaybeanadhesionamount of liquidperunit area, or
may be image density. The linear relationship between
the output level and the input level can minimize the
influence of a gradation jump in, for example, a γ curve
and color matching for determining the final color tone of
an image.
[0076] As described above, the discharge control unit
212 causes only the largest droplets of the two or more
types of liquid droplets to be discharged from the nozzles
in a high gradation portion of the input gradation value. At
the same time, the discharge control unit 212 causes the
number of nozzles that donot discharge droplets, i.e., the
white pixels, among all nozzles to increase without line-
arly decreasing from a low gradation portion to a high
gradation portion of the input gradation value.
[0077] In other words, the discharge control unit 212
controls only the size of dots to perform patterning in the
high gradation portion of the input gradation value. At the
same time, the discharge control unit 212 controls such
that the percentage of pixels in which dots are not ar-
ranged with respect to the input gradation value in-
creases from the low gradation portion toward the high
gradation portion.
[0078] With reference to the graph of FIG. 6, a descrip-
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tion is given of the reason why the white pixels tempora-
rily increase when the percentage of usage of the small
droplets is reduced and the medium droplets start to be
used from the low input level of 10%.
[0079] FIG.8A isadiagram illustratinghowwhitepixels
are formed in accordancewith a drop ratio, according to a
comparative example. FIG. 8B is a diagram illustrating
how white pixels are formed in accordance with a drop
ratio, according to an embodiment of the present disclo-
sure. Each empty square without a dot in FIGS. 8A and
8B corresponds to the white pixel. As illustrated in FIG.
8A, in the comparative example, when the drop ratio
increases using the small droplets, the number of the
empty squares, in otherwords, thewhitepixelsdecrease.
At this time, when the drop ratio is 100%, the ink is
discharged from all the nozzles. In other words, when
the drop ratio is 100%, the ink is discharged from a large
number of nozzles. For this reason, the ink droplets that
are discharged from a large number of nozzles are likely
to be affected by the airflows caused by the discharged
ink droplets themselves.
[0080] By contrast, as illustrated in FIG. 8B, in the
present embodiment, pixels that are drawnwith the small
droplets are replaced with the medium droplets or the
large droplets. Accordingly, the number of nozzles that
discharge ink droplets is reduced without changing the
image density. Reducing the number of nozzles for dis-
charging ink droplets as described above can reduce the
influence of the airflows caused by the discharged ink
droplets themselves.
[0081] At the same time, compared with a case in
which the drop ratio is 100% and the small droplets are
used, the number of empty squares, i.e., the white pixels
increases when the small droplets are replaced with the
medium droplets or the large droplets. In other words, in
the graph of FIG. 6, when the percentage of usage of the
small droplets is reduced and the medium droplets start
to be used from the low input level of 10%, the white pixel
temporarily increases.
[0082] As described above, according to the present
embodiment, the percentage of usage of the small dro-
plets is reduced, and themediumdroplets start tobeused
from, for example, the low input level of 10%. The per-
centage of usage of the small droplets is also decreased
from the input level of 10% at which the medium droplets
start to be used. The use of medium droplets increases
up to the input level of 15%.However, to achieve a similar
print density, the number of nozzles that discharge med-
ium droplets can be reduced compared with a case in
which the nozzles that discharge small droplets are used.
Moreover, when the print density is low, increasing the
number of white pixels allows the number of non-dis-
chargenozzles tobe reduceddespite the increase inprint
density. Accordingly, compared with a configuration in
which the number of non-discharge nozzles does not
decrease, the above-described configuration can effi-
ciently reduce the number of droplets to be simulta-
neously discharged. As a result, the influence of airflows

generated by the droplets discharged from the nozzles,
i.e., discharge airflows, can be prevented, and the inter-
ference between the discharge airflows can be pre-
vented. Accordingly, the landing position deviation of
droplets and the jetting deflection of discharged droplets
can be prevented, and white streaks and black streaks at
joint portions between the liquid discharge heads 122a,
122b, and 122c can be prevented.
[0083] Aprogram to be executed on the image forming
apparatus 100 according to the present embodiment is
recorded and provided for a computer-readable record-
ing medium, such as a compact disc-read only memory
(CD-ROM), a flexible disk (FD), a compact disc-record-
able (CD-R), or a digital versatile disc (DVD), in a file in
installable or executable format.
[0084] Alternatively, the program that is executed on
the image forming apparatus 100 according to embodi-
ments of the present disclosure may be stored in a
computer connected to a network such as the Internet
and downloaded via the network. The program that is
executed on the image forming apparatus 100 according
to embodiments of the present disclosure may be pro-
vided or distributed via a network such as the Internet.
[0085] Further, the program that is executed on the
image forming apparatus 100 embodiments of the pre-
sent disclosuremaybe provided by being incorporated in
advance in, for example, the ROM 103.
[0086] The program that is executed on the image
forming apparatus 100 according to embodiments of
the present disclosure has a modular configuration in-
cluding the above-described units (the color division data
generation unit 211 and the discharge control unit 212).
The CPU 102 (i.e., a processor) serving as actual hard-
ware reads the program from the recording medium
described above and executes the program so as to load
these units described above on a main storage device to
implement the color division data generation unit 211 and
the discharge control unit 212 on the main storage de-
vice.

Second Embodiment

[0087] A description is given below of the image form-
ing apparatus 100 according to a second embodiment of
the present disclosure.
[0088] The second embodiment is different from the
first embodiment in that the percentage of usage and the
range of usage of the small droplets and the medium
droplets are expanded as comparedwith those in the first
embodiment, and the amount of increase of the white
pixels is reduced. In the following description of the
second embodiment, descriptions of elements similar
to those in the first embodiment are omitted, and differ-
ences from the first embodiment are described.
[0089] FIG. 9 is a graph illustrating the relationship
between the input level and the drop ratio according to
the second embodiment, and FIG. 10 is a graph illustrat-
ing the relationshipbetween the input level and theoutput
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level.
[0090] As illustrated in FIG. 9, in the present embodi-
ment, the discharge control unit 212 keeps the percen-
tage of usage of the small droplets low and starts using
themedium droplets from the low input level of 10%. The
discharge control unit 212 also decreases the percen-
tage of usage of the small droplets from the input level of
10% at which the medium droplets start to be used.
[0091] By contrast, in the present embodiment, the
discharge control unit 212 increases the percentage of
usageof themediumdropletsuntil the input level reaches
about 20%anddecreases the percentageof usageof the
medium droplets from the input level of about 20% at
which the large droplets start to be used. The discharge
control unit 212 stops using the medium droplets at the
input level of 30%.
[0092] As illustrated in FIG. 10, the discharge control
unit 212 substantially linearly changes the output level
with respect to the input level. In thepresentembodiment,
the percentage of usage and the range of usage of the
medium droplets are expanded as compared with those
in the first embodiment. However, the output level sub-
stantially linearly changes with respect to the input level,
and the white pixels also monotonically decrease from
the low gradation value to the high gradation value of the
input level.
[0093] The influence on an image, such as the white
streaks and the black streaks, due to the landing position
deviation of droplets or the jetting deflection of dis-
charged droplets varies depending on, for example, li-
quid (ink) and amedium 40 to be used, the distance from
the nozzles to the medium 40, or a printing speed. Re-
ducing the percentages of usage of the small droplets
and the medium droplets can prevent the deviation of
landing positions and the jetting deflection of discharged
droplets from influencing an image. However, the graini-
nessof the image is likely todeteriorate. For this reason, it
is necessary to strike a balance between the influence on
the image and the graininess of the image by printing
conditions.
[0094] The present embodiment aims to enhance the
graininess in the lowgradationportionof the input level as
compared with the first embodiment.
[0095] Compared with the first embodiment, in the
present embodiment, the percentages of usage and
the range of usage of the small droplets and the medium
droplets are expanded, and the amount of increase of the
white pixels is reduced. However, the output level is
substantially linearly changed with respect to the input
level, and thewhitepixels remainat any input level except
for 100%. Accordingly, the number of liquid droplets to be
simultaneously discharged is reduced. As a result, the
influence of airflows, i.e., discharge airflows, generated
by the liquid droplets discharged from the nozzles can be
prevented, and the interference between the discharge
airflows can be prevented. Accordingly, the landing posi-
tion deviation of droplets and the jetting deflection of
discharged droplets can be prevented, andwhite streaks

and black streaks at the joint portions between the liquid
discharge heads 122a, 122b, and 122c can be pre-
vented.

Third Embodiment

[0096] A description is given below of the image form-
ing apparatus 100 according to a third embodiment of the
present disclosure. Redundant descriptions of similar
features in the first to third embodiments will be omitted
in the following description. A description is given below
of the features of the third embodiment different from the
features of the first and second embodiments.

Electrode Manufacturing Apparatus

[0097] The liquid discharge apparatus according to the
present embodiment may also include an apparatus for
manufacturing an electrode and an electrochemical ele-
ment that is also referred to as an electrode manufactur-
ing apparatus. The electrode manufacturing apparatus
according to thepresent embodiment is describedbelow.
[0098] FIG. 11 is a schematic diagram illustrating the
electrodemanufacturing apparatus tomanufacture elec-
trodes in an electrode manufacturing method, according
to the third embodiment. The electrode manufacturing
apparatus is an apparatus for manufacturing an elec-
trode including a layer containing an electrode material
by discharging a liquid composition using a headmodule
including the liquid discharge head 122 described above
in the first embodiment and the second embodiment.
[0099] Device for Forming Layer Containing Electrode
Material and Process of Forming Layer Containing Elec-
trode Material
[0100] A discharge device in the electrode manufac-
turing apparatus illustrated in FIG. 11 is a discharge
process device 280 according to embodiments of the
present disclosure. The liquid discharge head 122 of
the discharge process device 280 discharges a liquid
composition. By so doing, the liquid composition is ap-
plied onto an object, and a liquid composition layer is
formed on the object. The object, which may also be
referred to as a discharge object in the following descrip-
tion, is not particularly limited and may be appropriately
selected depending on the intended purpose, as long as
the object is an object on which a layer containing an
electrodematerial is to be formed.Examples of theobject
include anelectrode substrate, i.e., a current collector, an
active material layer, and a layer containing a solid elec-
trode material. The object may be an electrode mixture
layer containing an active material on an electrode sub-
strate, i.e., a current collector. The discharge device and
a discharge process may be a device and a process of
forming a layer containing an electrode material by di-
rectly discharging a liquid composition as long as the
layer containinganelectrodematerial canbe formedona
discharge object. The discharge device and the dis-
chargeprocessmaybeadeviceandaprocessof forming
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a layer containing an electrode material by indirectly
discharging a liquid composition.

Other Configurations and Other Processes

[0101] Other configurations included in the electrode
manufacturing apparatus formanufacturing an electrode
mixture layer are not particularly limited and may be
appropriately selected depending on the intended pur-
pose, as long as the effects of the present embodiment
arenot impaired.Otherprocesses included in themethod
for producing an electrode mixture layer are not particu-
larly limited and may be appropriately selected depend-
ing on the intended purpose, as long as the effects of the
present embodiment are not impaired. For example, the
heating unit and the heating process are examples of the
configuration and the process included in the electrode
manufacturing apparatus and themanufacturingmethod
of the electrode mixture layer.

Heater and Heating Process

[0102] A heater 703 that is provided for the electrode
manufacturing apparatus formanufacturing an electrode
mixture layer is a unit that heats the liquid composition
dischargedby thedischargedevice. Theheatingprocess
included in the method for manufacturing an electrode
mixture layer is a process of heating the liquid composi-
tion discharged in the discharging process. The liquid
composition is heated to dry the liquid composition layer.

Structure to Form a Layer Containing Electrode Material
by Direct Discharge of Liquid Composition

[0103] As an example of the electrode manufacturing
apparatus, an electrode manufacturing apparatus that
forms an electrode mixture layer containing an active
material on an electrode substrate, i.e., a current collec-
tor, is described below. As illustrated in FIG. 11, the
electrode manufacturing apparatus includes the dis-
charge process device 280 and a heating process unit
130. The discharge process device 280 performs a step
of applying a liquid composition onto a print basematerial
704 having a discharge object to form a liquid composi-
tion layer. The heating process unit 130 performs a
process of heating the liquid composition layer to obtain
an electrode mixture layer.
[0104] The electrode manufacturing apparatus in-
cludes a conveyor 705 that conveys the print base ma-
terial 704. The conveyor 705 conveys the print base
material 704 to the discharge process device 280 and
the heating process unit 130 in this order at a preset
speed. A method for manufacturing the print base ma-
terial 704 having the discharge object such as an active
material layer is not particularly limited, and a known
method can be appropriately selected. The discharge
process device 280 includes the liquid discharge head
122 that performs an application process of applying a

liquid composition 707 onto the print basematerial 704, a
storage container 281b that stores the liquid composition
707, and a supply tube 281c that supplies the liquid
composition 707 stored in the storage container 281b
to the liquid discharge head 122.
[0105] The discharge process device 280 discharges
the liquid composition 707 from the liquid discharge head
122 so that the liquid composition 707 is applied onto the
print base material 704 to form a liquid composition layer
in a thin film shape. The storage container 281b may be
integrated with an apparatus for manufacturing the elec-
trode-mixture layer or may be detachable from the appa-
ratus for manufacturing the electrode-mixture layer. The
storage container 281b may be a container additionally
attachable to a container integrated with the apparatus
for manufacturing the electrode-mixture layer or a con-
tainer detachable from the apparatus for manufacturing
the electrode mixture layer.
[0106] The storage container 281band the supply tube
281c can be selected as desired as long as the liquid
composition 707 can be stably stored and supplied to the
liquid discharge head 281a.
[0107] The heating process unit 130 performs a sol-
vent removal process of heating and removing the sol-
vent remaining in the liquid composition layer. Specifi-
cally, the solvent that remains in the liquid composition
layer is heated and dried by the heater 703 of the heating
process unit 130. Accordingly, the solvent is removed
from the liquid composition layer. Thus, the electrode
mixture layer is formed. The solvent removal process
in the heating process unit 130 may be performed under
reduced pressure.
[0108] The heater 703 is not particularly limited and
may be appropriately selected depending on the in-
tended purpose.
[0109] For example, the heater 703maybea substrate
heater, an infrared (IR) heater, or a hot air heater.
[0110] Theheater 703may bea combination of at least
two of the substrate heater, the IR heater, and the hot air
heater. A heating temperature and heating time can be
appropriately selected according to a boiling point of the
solvent contained in the liquid composition 707 or the
thickness of a formed film.
[0111] Theelectrodemanufacturingapparatusaccord-
ing to theembodiment of thepresent disclosure is used to
discharge the liquid composition onto a desired target
place of the discharge target. The electrodemixture layer
can be suitably used as, for example, a part of the con-
figuration of an electrochemical element. The configura-
tion of the electrochemical element other than the elec-
trodemixture layer is not particularly limited, anda known
configuration can be appropriately selected. For exam-
ple, as a configuration other than the electrode mixture
layer, the electrochemical elementmay includeapositive
electrode, anegative electrode, a separator, for example.
[0112] In the above-described embodiments, the liquid
discharge apparatus includes the liquid discharge head
122 or the liquid discharge device and drives the liquid
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discharge head 122 to discharge liquid. The liquid dis-
charge apparatus may be, for example, any apparatus
that can discharge liquid to a medium onto which liquid
can adhere or any apparatus to discharge liquid toward
gas or into a different liquid.
[0113] The liquid discharge apparatus may include
devices to feed, convey, and eject the material on which
liquid can adhere. The liquid discharge apparatus may
further include a pretreatment apparatus to coat a treat-
ment liquid onto the material, and a post-treatment ap-
paratus to coat a treatment liquid onto the material, onto
which the liquid has been discharged.
[0114] The liquid discharge apparatus may be, for ex-
ample, an image formingapparatus to forman imageona
sheet by discharging ink, or a three-dimensional fabrica-
tion apparatus to discharge fabrication liquid to a powder
layer inwhichpowdermaterial is formed in layers, soas to
form a three-dimensional object.
[0115] The liquid discharge apparatus is not limited to
an apparatus to discharge liquid to visualize meaningful
images, such as letters or figures. For example, the liquid
discharge apparatusmay be an apparatus to formmean-
ingless images, such as meaningless patterns, or fabri-
cate three-dimensional images.
[0116] The above-describedmaterial onto which liquid
can adhere represents a material on which liquid is at
least temporarily adhered, a material on which liquid is
adhered and fixed, or a material into which liquid is
adhered to permeate. Examples of thematerial on which
liquid can adhere include recordingmedia, suchaspaper
sheet, recording paper, recording sheet of paper, film,
and cloth, electronic component, such as electronic sub-
strate and piezoelectric element, and media, such as
powder layer, organmodel, and testing cell. Thematerial
on which liquid can adhere includes any material on
which liquid can adhere, unless particularly limited.
[0117] Examples of the material onto which liquid can
adhere include any materials on which liquid can adhere
even temporarily, such as paper, thread, fiber, fabric,
leather, metal, plastic, glass, wood, and ceramic.
[0118] The liquid is not limited to a particular liquid as
long as the liquid has a viscosity or surface tension to be
discharged from the liquid dischargehead122.However,
preferably, the viscosity of the liquid is not greater than 30
millipascal-second (mPa·s) under ordinary temperature
andordinary pressure or by heating or cooling. Examples
of the liquid to be discharged include a solution, a sus-
pension, or anemulsion including, for example, a solvent,
such as water or an organic solvent; a colorant, such as
dye or pigment; a functional material, such as a polymer-
izable compound, a resin, or a surfactant; a biocompa-
tiblematerial, such as deoxyribonucleic acid (DNA), ami-
no acid, protein, or calcium; and an edible material, such
as a natural colorant. Examples of the material to be
discharged include a solution, a suspension, or an emul-
sion including, for example, a solvent, suchaswater or an
organic solvent; a colorant, such as dye or pigment; a
functional material, such as a polymerizable compound,

a resin, or a surfactant; a biocompatiblematerial, such as
deoxyribonucleic acid (DNA), amino acid, protein, or
calcium; and an edible material, such as a natural color-
ant. Suchasolution, a suspension, or anemulsion canbe
used for, e.g., inkjet ink; surface treatment liquid; a liquid
for forming an electronic element component, a light-
emitting element component, or an electronic circuit re-
sist pattern; or a material solution for three-dimensional
fabrication.
[0119] The liquid discharge apparatus may be an ap-
paratus to move the liquid discharge head 122 and the
medium onto which liquid can adhere relative to each
other. However, the liquid discharge apparatus is not
limited to such an apparatus. For example, the liquid
discharge apparatus may be a serial head apparatus
that moves the liquid discharge head 122 or a line head
apparatus that does not move the liquid discharge head
122.
[0120] Examples of the liquid discharge apparatus
further include: a treatment liquid applying apparatus that
discharges a treatment liquid onto a sheet to apply the
treatment liquid to the surface of the sheet, for reforming
the surface of the sheet; and an injection granulation
apparatus that injects a composition liquid, in which a
rawmaterial isdispersed inasolution, throughanozzle to
granulate fine particle of the raw material.
[0121] Aspects of the present disclosure are, for ex-
ample, as follows.

First Aspect

[0122] A liquid discharge apparatus includes a liquid
discharge head and circuitry. The liquid discharge head
includes multiple nozzles to discharge two or more types
of droplets each having a different discharge amount
from themultiplenozzlesontoamedium to forman image
having gradation of density in accordance with a grada-
tion value input to the liquid discharge apparatus. The
gradation value increases froma first gradation portion to
a second gradation portion higher than the first gradation
portion. The circuitry causes the liquid discharge head to
selectively discharge the largest droplets of the two or
more types of droplets from the multiple nozzles in the
second gradation portion of the gradation value, and
causes the liquid discharge head to decrease a number
of non-discharge nozzles that do not discharge droplets
in the multiple nozzles from the first gradation portion to
the second gradation portion while increasing the num-
ber of non-discharge nozzles in a part of the first grada-
tion portion.

Second Aspect

[0123] In the liquid discharge apparatus according to
the first aspect, the discharge controller controls the
liquid discharge head to linearly increase total discharge
amount of two or more types of droplets discharged from
the multiple nozzles with respect to the increase in the
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input gradation value input to the liquid discharge appa-
ratus.

Third Aspect

[0124] In the liquid discharge apparatus according to
the first or second aspect, the discharge controller con-
trols the liquid discharge head to discharge the smallest
droplets of the two or more types of droplets only when
the gradation value is equal to or smaller than 13%.

Fourth Aspect

[0125] In the liquid discharge apparatus according to
anyoneof thefirst to thirdaspect, thedischargecontroller
controls the liquid discharge head to discharge the smal-
lest droplets of the two or more types of droplets only
when the input gradation value is equal to or smaller than
10%.

Fifth Aspect

[0126] In the liquid discharge apparatus according to
the first or second aspect, the discharge controller
causes the liquid discharge head to selectively discharge
three or more types of droplets each having a different
discharge droplet amount from the nozzles. The dis-
charge controller causes the liquid discharge head to
discharge the second smallest droplets of the three or
more types of droplets when the input gradation value is
equal to or smaller than 15%.

Sixth Aspect

[0127] In the liquid discharge apparatus according to
the first or second aspect, the discharge controller
causes the liquid dischargehead todecrease thenumber
of non-discharge nozzles from the second gradation
portion to the first gradation portion at least in a part
having the input gradation value of equal to or smaller
than 20%.

Seventh Aspect

[0128] In the liquid discharge apparatus according to
the first or second aspect, the discharge controller con-
trols the liquid discharge head to discharge at least two or
more types of droplets each a having different size from
the multiple nozzles in a portion of the gradation value in
which the number of the non-discharge nozzles de-
creases from the first gradation portion to the second
gradation portion in the gradation value.

Eighth Aspect

[0129] A liquid discharge device includes the liquid
discharge head according to any one of the first to se-
venth aspect, and at least one of a head tank, a carriage,

a supplymechanism, amaintenance device, and amain-
scanning moving mechanism.

Nineth Aspect

[0130] A liquid discharge device includes the liquid
discharge head according to any one of the first to se-
venthaspect, andadischargecontroller todrive the liquid
discharge head to cause the liquid discharge head to
discharge liquid.

Tenth Aspect

[0131] A liquid dischargemethod includes controlling a
liquid discharge head and causing the liquid discharge
head to discharge, causing the liquid discharge head to
discharge droplets, and causing the liquid discharge
head to decrease a number of non-discharge nozzles.
The controlling controls the liquid discharge head includ-
ing multiple nozzles to discharge two or more types of
droplets each having a different discharge amount from
the multiple nozzles onto a medium to form an image
having gradation of density in accordance with a grada-
tion value input to the liquid discharge apparatus, the
gradation value increasing from a first gradation portion
to a second gradation portion higher than the first grada-
tion portion. The causing the liquid discharge head
causes the liquid discharge head to selectively discharge
the largest droplets of the two or more types of droplets
from themultiple nozzles in the second gradation portion
of the gradation value. The causing the liquid discharge
head causes the liquid discharge head to decrease a
number of non-discharge nozzles that do not discharge
droplets in the multiple nozzles from the first gradation
portion to the second gradation portion while increasing
the number of non-discharge nozzles in a part of the first
gradation portion.

Eleventh Aspect

[0132] A non-transitory recording medium storing a
plurality of instructions which, when executed by one
or more processors, causes the one or more processors
to perform a method, includes controlling a liquid dis-
charge head, causing the liquid discharge head to selec-
tively discharge the largest droplets, and causing the
liquid discharge head to decrease a number of non-
discharge nozzles. The controlling controls the liquid
discharge head including multiple nozzles to discharge
two or more types of droplets each having a different
discharge amount from the multiple nozzles onto a med-
ium to form an image having gradation of density in
accordance with an input gradation value input to a liquid
discharge apparatus, the input gradation value increas-
ing from a first gradation portion to a second gradation
portion higher than the first gradation portion. The con-
trolling causes the liquid discharge head to selectively
discharge the largest droplets of the two or more types of
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droplets from the multiple nozzles in the second grada-
tion portion of the gradation value. The controlling also
causes the liquid discharge head to decrease a number
of non-discharge nozzles that do not discharge droplets
in the multiple nozzles from the first gradation portion to
the second gradation portion while increasing the num-
ber of non-discharge nozzles in a part of the first grada-
tion portion.
[0133] Theabove-describedembodiments are illustra-
tive and do not limit the present invention. Thus, numer-
ous additional modifications and variations are possible
in light of the above teachings. For example, elements
and/or features of different illustrative embodiments may
be combined with each other and/or substituted for each
other within the scope of the present invention.
[0134] The present invention can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The present invention may be implemented as computer
software implemented by one or more networked pro-
cessing apparatuses. The processing apparatuses in-
clude any suitably programmed apparatuses such as a
general purpose computer, a personal digital assistant, a
Wireless Application Protocol (WAP) or third-generation
(3G)‑compliant mobile telephone, and so on. Since the
present invention can be implemented as software, each
and every aspect of the present invention thus encom-
passes computer software implementable on a program-
mable device. The computer software can be provided to
the programmable device using any conventional carrier
medium (carrier means). The carrier medium includes a
transient carrier medium such as an electrical, optical,
microwave, acoustic or radio frequency signal carrying
the computer code. An example of such a transient
medium is a Transmission Control Protocol/Internet Pro-
tocol (TCP/IP) signal carrying computer code over an IP
network, such as the Internet. The carrier medium may
also include a storage medium for storing processor
readable code such as a floppy disk, a hard disk, a
compact disc read-only memory (CD-ROM), a magnetic
tape device, or a solid state memory device.

Claims

1. A liquid discharge apparatus (100) comprising:

a liquid discharge head (122) including multiple
nozzles to discharge two or more types of dro-
plets each having a different discharge amount
from themultiple nozzles onto amedium to form
an image having gradation of density in accor-
dance with an input gradation value input to the
liquid discharge apparatus, the input gradation
value increasing from a first gradation portion to
a second gradation portion higher than the first
gradation portion; and
circuitry (101, 212) configured to:

cause the liquid discharge head to selec-
tively discharge the largest droplets of the
two ormore types of droplets from themulti-
ple nozzles in the second gradation portion
of the gradation value, and
cause the liquid discharge head to de-
crease a number of non-discharge nozzles
that donot dischargedroplets in themultiple
nozzles from the first gradation portion to
the second gradation portion while increas-
ing the number of non-discharge nozzles in
a part of the first gradation portion.

2. The liquid discharge apparatus (100) according to
claim 1,
wherein the circuitry (101, 212) controls the liquid
discharge head to linearly increase total discharge
amount of two or more types of droplets discharged
from themultiple nozzles with respect to an increase
in the input gradation value input to the liquid dis-
charge apparatus.

3. The liquid discharge apparatus (100) according to
claim 1,
wherein the circuitry (101, 212) controls the liquid
discharge head to discharge the smallest droplets of
the two or more types of droplets only when the
gradation value is equal to or smaller than 13%.

4. The liquid discharge apparatus (100) according to
claim 1,
wherein the circuitry (101, 212) controls the liquid
discharge head to discharge the smallest droplets of
the two or more types of droplets only when the
gradation value is equal to or smaller than 10%.

5. The liquid discharge apparatus (100) according to
claim 1,
wherein the circuitry (101, 212) causes the liquid
discharge head (122) to:

selectively discharge three or more types of
droplets each having a different discharge
amount from the multiple nozzles; and
discharge second smallest droplets among the
three or more types of droplets from themultiple
nozzles when the gradation value is equal to or
smaller than 15%.

6. The liquid discharge apparatus (100) according to
claim 1,
wherein the circuitry (101, 212) causes the liquid
discharge head (122) to decrease the number of
non-discharge nozzles from the second gradation
portion to the first gradation portion at least in a part
having the input gradation value of equal to or smal-
ler than 20%.
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7. The liquid discharge apparatus (100) according to
claim 1,
wherein the circuitry (101, 212) controls the liquid
discharge head to discharge at least two or more
typesof dropletseachahavingdifferent size from the
multiple nozzles in a portion of the input gradation
value in which the number of the non-discharge
nozzles decreases from the first gradation portion
to the second gradation portion in the input gradation
value.

8. A liquid discharge device (233) comprising:

the liquid discharge head (122) according to any
one of claims 1 to 7; and
at least one of a head tank, a carriage (121), a
supply mechanism (36), a maintenance me-
chanism (81), and amain-scanningmovingme-
chanism (140, 31, 32, 121).

9. A liquid discharge apparatus (100) comprising:

the liquid discharge head (122) according to any
one of claims 1 to 7; and
circuitry configured to drive the liquid discharge
head to discharge liquid.

10. A liquid discharge method comprising:

controlling a liquid discharge head (122) includ-
ing multiple nozzles to discharge two or more
types of droplets each having a different dis-
charge amount from the multiple nozzles onto
a medium to form an image having gradation of
density in accordance with an input gradation
value input to a liquid discharge apparatus, the
input gradation value increasing from a first
gradation portion to a second gradation portion
higher than the first gradation portion;
causing the liquid discharge head to selectively
discharge the largest droplets of the two ormore
types of droplets from themultiple nozzles in the
second gradation portion of the gradation value;
and
causing the liquid discharge head to decrease a
number of non-discharge nozzles that do not
discharge droplets in the multiple nozzles from
the first gradation portion to the second grada-
tion portion while increasing the number of non-
discharge nozzles in a part of the first gradation
portion.

11. A non-transitory recording medium (212) storing a
plurality of instructionswhich, when executed by one
or more processors, causes the one or more pro-
cessors to perform a method, comprising:

controlling a liquid discharge head (122) includ-

ing multiple nozzles to discharge two or more
types of droplets each having a different dis-
charge amount from the multiple nozzles onto
a medium to form an image having gradation of
density in accordance with an input gradation
value input to a liquid discharge apparatus, the
input gradation value increasing from a first
gradation portion to a second gradation portion
higher than the first gradation portion;
causing the liquid discharge head to selectively
discharge the largest droplets of the two ormore
types of droplets from themultiple nozzles in the
second gradation portion of the gradation value,
and
causing the liquid discharge head to decrease a
number of non-discharge nozzles that do not
discharge droplets in the multiple nozzles from
the first gradation portion to the second grada-
tion portion while increasing the number of non-
discharge nozzles in a part of the first gradation
portion.
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